BACKGROUND: During the last two decades, obesity has reached epidemic proportions in industrialised societies such as Sweden. OBJECTIVE: The first aim of this study is to examine whether the body mass index (BMI) and obesity increased between 1996/ 97 and 2000/01 in different subgroups in the Swedish population. The second aim is to examine whether there were any differences in BMI between subgroups of the population, characterised by age, gender, educational status, smoking habits, degree of urbanisation, and country of birth. The third aim is to examine whether BMI increased between the two periods after adjustment for all the explanatory variables. METHODS: This study is based on two cross-sectional, random samples of the entire population aged 16-84 y, the first from 1996/97 including 5622 men and 5940 women and the second from 2000/01 including 5515 men and 5838 women. To investigate the possible change in obesity between the two periods, a logistic model adjusted for age was applied, after stratification by gender. To study the relationship between BMI and the explanatory variables, and the possible change in the subgroups of the population between the two periods, a linear regression model was used. RESULTS: The total BMI mean increased by 0.4 units from 1996/97 to 2000/01 for both men and women. The prevalence of obesity also increased to about 10% in 2000/01. In some subgroups, the prevalence of obesity was especially high, for example, men and women aged 55-74 y, men with middle educational status, women with low educational status, former smokers, and Finnish-born men and women. CONCLUSIONS: These findings illustrate that both BMI and obesity increased in the Swedish population between 1996/97 and 2000/01. This increase in BMI and obesity is most likely due to environmental factors, such as diet and a sedentary lifestyle. Health interventions need to target both certain subgroups and the whole population.
Introduction
During a short period of time, the prevalence of obesity has reached epidemic proportions in industrialised societies such as Sweden. From an evolutionary perspective, it was crucial for the prehistoric individual to be able to store energy reserves, in the form of body fat, for periods of starvation. However, this advantage has become a disadvantage in modern society. Today, obesity is one of the major health problems to tackle for health authorities all over the world. In Sweden, the prevalence of obesity increased from 8.8 to 11.9% for women and from 6.6 to 10.0% for men between 1980/81 and 1996/97. 1 The explanations behind the increasing prevalence of obesity have been somewhat controversial. For example, some studies have demonstrated genetic differences between obese and nonobese persons, while other studies have focused on lifestyle factors, such as poor dietary habits and physical inactivity. [2] [3] [4] [5] [6] [7] High as well as increasing prevalence of obesity has also been documented by other studies conducted in Sweden and internationally. [7] [8] [9] [10] These trends are particularly important, given the association between obesity and adverse health outcomes, including all-cause and CVD mortality. 11, 12 Obesity may be of special importance in the rapidly increasing foreign-born population in Sweden; in December 2001, 11.5% of the Swedish population was born abroad. During the 80s, BMI levels increased more among men who had immigrated from South Europe to Sweden than among Swedish-born men.
(SES) and obesity has also been investigated in previous studies. For example, a Swedish study showed an inverse gradient between SES and obesity so that when SES decreased obesity increased. 1 In this study, we used two, simple random samples, representative of the entire Swedish noninstitutionalised population, aged 16-84 y. The samples were drawn from the Total Population Register and included Swedish-born and foreignborn men and women representative of different SES groups.
The first aim of this study is to examine whether BMI and obesity increased between 1996/97 and 2000/2001 in different subgroups in the Swedish population. The second aim is to examine whether subgroups of the population, characterised by age, gender, educational status, smoking habits, degree of urbanisation, and country of birth, differ in BMI. The third aim is to examine whether BMI increased between the two periods after adjustment for the explanatory variables.
Methods
The Swedish Annual Level of Living Survey (SALLS), conducted since 1975 by Statistics Sweden, was designed to collect information about the living conditions of the Swedish adult, noninstitutionalised population. SALLS includes a large number of welfare and health indicators, and collects data by face-to-face interviews at the respondent's home. 13 The two samples included 5622 men and 5940
women from 1996/97 (80.0% total response rate) and 5515 men and 5838 women from 2000/01 (78.0% total response rate), all of whom completed the interview. Each crosssectional survey is a simple random sample from the Total Population Register, including the entire, Swedish population.
Outcome variable
Body mass index (BMI) was calculated as weight(kg)/ height 2 (m) and comprised two categories: (1) overweight: 25.0rBMIo30 and (2) obesity: BMIZ30. The same criteria of overweight and obesity were used for both women and men according to WHO recommendations.
14 BMI was also analysed as a continuous variable.
Independent variables
Age was categorised into the following groups: 16-24, 25-34, 35-44, 45-54, 55-64, 65-74, and 75-84 y.
Gender. Education: The respondents were classified into three groups according to their educational status: (1) r9 y of education (primary school level), (2) 10-11 y of education (1-2 y of high school), and (3) 411 y of education (3 y of high school or university studies).
Smoking habits: Three groups were classified according to the respondents' tobacco consumption: (1) those who never had smoked, (2) former smokers, and (3) daily smokers.
Urbanisation: Respondents were divided into three groups according to the size of the cities they lived in: (1) the three largest cities in Sweden (Stockholm, Gothenburg, and Malmö), (2) medium-sized towns, and (3) towns in the north and sparsely populated areas.
Country of birth was defined as follows: (1) Swedish-born (both parents born in Sweden), (2) second-generation immigrant (one or two parents born abroad), and (3) respondents who were born abroad. The third group was divided into the following four subgroups: Finland, Western countries other than Finland and Southern Europe, Southern Europe, and all other countries (mostly refugees).
Statistical analysis
The SAS software package was used in the statistical analyses. 15 Table 2 (a) for men and in (b) for women. The test of change for each row is adjusted for age. For men of all ages, the prevalence of obesity increased from 6.8% in 1996/ 97 to 9.6% in 2000/01. Table 2 (a) also shows an increase in the prevalence of obesity for men in the following age groups: 16-24, 25-34, 55-64, and 75-84 y. Men aged 65-74 y had no significant increase in their prevalence of obesity. However, this age group had a high prevalence of obesity in both periods and reached 14.1% in 2000/01. For men with middle and high educational status, in all smoking and all urbanisation groups, the prevalence of obesity increased. For example, the prevalence of obesity among men with middle educational status increased from 8.0% in 1996/97 to 14.1% in 2000/01. Obesity increased among former smokers from 9.3 to 13.5%. Obesity also increased among men born in Sweden, Finland, and second-generation immigrants, particularly among Finnish-born men, where the prevalence of obesity increased from 7.4 to 19.1% in only 5 y (Table 2 (a) ). For women of all ages, the prevalence of obesity increased from 7.1% in 1996/97 to 9.3% in 2000/01. Table 2 (b) also shows that the increase was significant among women aged 35-44, 55-64, and 75-84 y. Women aged 65-74 y had no significant increase in their prevalence of obesity. However, this age group had a high prevalence of obesity in both periods and reached 14.0% in 2000/01. For women with low and high educational status, never and former smokers, and women in urbanisation groups 1 and 2, the prevalence of obesity increased. Obesity also increased among Swedishborn women, but not for women born abroad or secondgeneration immigrants. However, even though there was no significant increase in obesity for women born abroad, both women from Finland and women from South Europe had a very high prevalence of obesity in 2000/01, 17.5 and 13.1%, respectively. For overweight, the increase in prevalence between 1996/97 and 2000/01 was very slight for both men and women. There were also significant differences between different subgroups among men in 1996/97 and 2000/01. BMI was lower in the ages 16-44 y than in the reference group (men aged 45-54 y), while men aged 75-84 y had lower BMI than the reference group. Men with high educational status had lower BMI than men with low educational status in 1996/97. This difference disappeared in 2000/01. Men with middle educational status had higher BMI than the reference group in 2000/01. Daily smokers had lower BMI than those who never had smoked, while former smokers had higher BMI than those who never had smoked. Men living in the three largest cities had lower BMI than men in the two other urbanisation groups. Men from Finland had higher BMI than Swedish-born men in 2000/01, even though they did not increase their BMI between the two periods. For all ages, women had an increase of 0.35 BMI units between 1996/97 and 2000/01. Table 3 (b) also shows that women aged 25-34, 35-44, 55-64, and 75-84 y increased their BMI. Other subgroups among women who increased their BMI were women with low and high educational status, never and daily smokers, women from all urbanisation groups, and women from Sweden and Finland. Women with high educational status had a larger increase in BMI between 1996/97 and 2000/01 than the average BMI increase. There were also significant differences between different subgroups among women. In contrast to men, BMI was higher for women in the ages 55-74 y than in the reference group (women aged 45-54 y). Women with high educational status had lower BMI than women with low educational status in both periods. Daily smokers had lower BMI than those who had never smoked, while former smokers had higher BMI than those who had never smoked. Women living in the three largest cities had lower BMI than women in the two other urbanisation groups. For both 1996/97 and 2000/01, women who were second-generation immigrants, women from Finland, South Europe, and 'all other countries' (mostly refugees), had higher BMI levels than Swedish-born women.
Discussion
The main finding of this study is that BMI and obesity increased significantly in the Swedish adult population between 1996/97 and 2000/01 for both men and women. In some subgroups, the prevalence of obesity was especially high, for example, men and women aged 55-74 y, men with middle educational status, women with low educational status, former smokers, and Finnish-born men and women.
Our findings of a current upward trend in obesity agreed with other studies demonstrating an increase in the prevalence of obesity over the two last decades in the Increasing obesity in Sweden K Sundquist et al 19 Moreover, data from the Swedish Military Conscription Registry showed that the mean body weight increased by 20 This is alarming because obesity is of importance not only in the development of cardiovascular disease. Obesity is also a strong risk factor for hypertension, musculoskeletal disorders, sleep apnoea, and some cancers. 21 
Underlying mechanisms
The rapid increase in the prevalence of obesity over the last two decades in the Western World is likely due to environmental factors, such as lifestyle, since the gene pool has been stable over the same time interval. 6 Furthermore, in a population of Mexican-American adults from the San Antonio Heart Study, it was estimated that genes accounted for only 15-30% of the phenotypic variation in measures of obesity. 5 There are further differences in obesity among populations that have migrated to new countries, suggesting that factors associated with the migration process (e.g. change in diet and physical activity) may adversely influence the body weight. For example, a prospective study of 654 adult Tokelauans, who migrated to New Zealand because of a natural disaster, showed that their BMI levels increased significantly from 24.1 to 28.7 between 1968 and 82.
22
Between 1980-81 and 1988-89, Swedish men who became physically inactive had a higher increase in BMI than those who were physically active on a regular basis. 7 We found in our sample that leisure-time physical activities, at least once a week, had increased from 54 to 60% between the two periods. However, even though leisure-time physical activities increased between the two periods, it is possible that sedentary activities at the same time increased. We therefore measured access to video and PC during the two periods in our study. We found that access to video had increased from 75 to 82%, and that access to PC had increased from 38 to 66%. Television and car ownership remained on a high level, 98 and 80%, respectively. These findings support the likelihood that, between the two periods, there might have been an increase in sedentary activities, measured as access to video and PC. Moreover, from a previous study in Finland, it was found that for both women and men the amount of physical activity at work had decreased over time. 23, 24 Finally, even if the total amount of physical activity has decreased in society, WHO recently confirmed that diet is probably the most important factor in the development of obesity. 14 
Strengths and limitations
There are many strengths in this study. The Swedish Annual Level of Living Survey is one of the most comprehensive national surveys to date. Unlike many surveys, the Swedish Annual Level of Living Survey represents a simple random sample, drawn from the total population register, and therefore representative of the entire Swedish population. Our study used two such random samples during a 5-y period, instead of using only one cross-sectional sample. The surveys, conducted at home, have high response rates (about 80%) with a minimum of partial missing data. Although height and weight were self-reported, these types of selfreported measures have been found to be reliable in other studies. 22, 25, 26 There are also some limitations to the Swedish Annual Level of Living Survey. First, our outcome measure, body mass index, might underestimate the absolute BMI levels because of self-report bias. However, the level of selfreport bias is probably the same for both periods. Another limitation is that the nonresponse might underestimate the prevalence of obesity. However, the nonresponse rate in Sweden is much lower (about 20%) than in many other countries. Residual confounding likely exists because individual education cannot be measured precisely and completely. 27, 28 For example, years of education do not capture the quality of schooling or literacy levels.
Recommendations
Our findings suggest that public health policy interventions are needed in order to change dietary habits and stimulate physical activity. 16, 29, 30 Despite the heterogeneity of the Swedish population, BMI and obesity increased substantially in most subgroups. Therefore, health interventions should target the whole population as well as certain subgroups, for example, men and women aged 55-74 y, men with middle educational status, women with low educational status, former smokers, and Finnish-born men and women.
